performance. In [7] multi-rings resonators that occupy large area, have been employed to obtain two branch line couplers, which they cannot carry out any harmonic attenuation. A compact branch line coupler consisting of a ring resonator loaded by radial cells has been designed in [8] to attenuate the harmonics. Nevertheless, it does not perform the frequency selection suitably below the passband. In [9] four complex stubs have been loaded inside a closed quadrangular to miniaturize a coupler structure. The stubs are close together and fill the quadrangular space resulting in a complicated structure and hard fabrication. In [10] two ring resonators have been integrated to obtain three large microstrip branch line couplers with low performances where undesired coupling factor, isolation, return loss and insertion loss can be seen clearly. In [11] wide passband microstrip branch-line couplers have been designed by cascading several quadrangular loops, which take large implementation area. A microstrip coupler with large circuit size, undesired insertion loss and large phase shift has been offered in [12] . In [13] symmetrically and asymmetrically modified microstrip couplers have been proposed to operate in ISM 0.433 GHz. Although, they have been miniaturized correctly there are inappropriate insertion losses, coupling factors and phase shifts. Meanwhile, the frequency selection has not been done reasonably. The microstrip coupler reported in [14] has been miniaturized by substituting the quarter wave transmission lines in a conventional 90˚ coupler. The designed couplers in [10] [11] [12] [13] [14] could not attenuate the harmonics properly.
In this paper, a microstrip coupler with wide stop-band is designed for wireless applications. Several transmission zeros are created to improve the frequency selectivity and stop-band specifications. Due to its symmetric structure, the phases and amplitudes of S 21 and S 31 are balanced so that there are 0.97˚ phase shift and 0.5 dB amplitude shift. In addition, the performance of suggested coupler is good. The proposed structure is studied to find a method for tuning the resonance frequency. respectively. Since the effects of bents and step-in-widths are significant at higher than 10 GHz frequencies we ignore them. By this approximation, the step impedance structure connected to output port is modeled by a capacitor C (related to the wider part) and an inductor L. The inductor La is the effect of that line which incorporates horizontal coupled line and output port.
According to the equivalent circuit of the proposed structure the output voltage V o and current I 1 are calculated as follows:
where ω is the angular frequency. By substituting I1 from Equation (1) and knowing that V i =0.5I i Z b , the output-input voltage ratio is calculated as follows:
In order to excite the resonators both resonators may be short circuits. Under this condition, I o = -0.5I i and V o =V i so that Equation (2) 
where ω r is the angular resonance frequency. The last equation defines the relationship between the parameters at the resonance frequency. Therefore, we can tune the resonance frequency by changing inductors, capacitor and couple line structures based on Equation ( where f r is the resonance frequency in GHz, l is the length of coupled lines in mm, Z ca and Z cb are the characteristic impedances of the transmission lines and ԑre1 and ԑ re2 are the effective dielectric constants. The characteristic impedances and effective dielectric constants are depending on the width of lines [15] . However, for a little difference of widths we can assume that ԑ re1 = ԑ re2 = ԑ re and Z ca =Z cb = Z c resulting in Z a =Z b . From Equation (3), there is a high degree of freedom in selecting the parameters. For example, we can choose the resonance frequency at 2.8 GHz, l=10 mm, Z c =50 Ω, ԑ re1 = ԑ re2 =1.7 as defaults then ω r =5.6 π and Z a =Z b~j 50. By substituting these values in Equation (3), we can select L a , L and C. According to this method and using the proposed resonators, a microstrip coupler is designed. The layout of the proposed coupler is depicted in Fig.2 . The corresponding dimensions are presented in Fig.2 in mm. In order to create the isolation port a similar structure is coupled to the analyzed structure. Additional optimization is carried out to improve the performance.
For an example T-shape tapped line feed structures, are added to improve the coupling factor and insertion loss. 
III. SIMULATION AND MEASURMENT RESULTS
The introduced coupler is designed to operate at 2.88 GHz and simulated using the ADS full wave Fig.3a . Due to the same positions of the output ports relative to the input port S 21 is quite similar to S 31 . Obviously, the wide stop bands with a minimum attenuation of -16.37 dB up to 7 GHz for both S 21 and S 31 are obtained. In order to better visibility, a narrow band frequency response is illustrated in Fig.3b . According to the achieved data, the insertion loss (S 21 ) and coupling factor (S 31 ) are 3.3 dB and 2.8 dB, respectively. Fig.3c depicts the measured and simulated return loss and isolation factor where they are 29.5 dB and 31.3 dB at the resonance frequency, respectively. The phase of S 21 and S 31 are shown in Fig.3d and the measured S 21 and S 31 are presented in Fig.3e . At the resonance frequency the phase of S 21 and S 31 are -114.75 and -113.78, respectively so that there is 0.97˚ phase difference between S 21 and S 31 . Because of the symmetrical structure, the phase of S 21 and S 31 are overlapped relatively. The phase difference between S 21 and S 31 is presented in Fig.3f . A photograph of the fabricated coupler is presented in Fig.3g The coupler performance and its size are compared with the previous works in Table I . It is clear that the realized coupler has relatively good performance and a compact structure. The obtained isolation is better than 90% of the referred papers in Table I while its return loss is better than all of them. Moreover, the obtained insertion loss and coupling factor only in [2] is better than our achievement. Phase shift less than 1˚ is achieved in [1, 2, 7] and the proposed coupler. Table II shows harmonics suppression in comparison with the previous works. In Table II [1] has better isolation and phase shift than our coupler. However, it has larger coupling factor and larger return loss without harmonic attenuation. Only the proposed diplexers in [3] , [8] and this work could suppress the 4 th harmonics. Nevertheless, our coupler has a better coupling factor, higher isolation and lower return loss than the designed couplers in [3] and [8] . Moreover, the introduced coupler in this work occupies smaller area and lower phase shift. Furthermore, the designed coupler has not large dimensions while offers the isolation of -31.3 dB and return loss of -29.5 dB at the resonance frequency.
